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Tn the last fow years rapid expansion of the practice of bulk milk 
handling has solved many difficulties at the production level. It is _ 
generally recognised that the quality of milk has been greatly improved 
by adoption of bulk cooling. Although the term “quality” 4s seldon 
defined, it is obvious that total bacterial count is the principal factor 
considered, 

As @ result of bulk tank handling of milk it appears that quality 
problems may be changing. when milk is cooled quickly and kept cold, 
bacterial growth is greatly retarded. Thus, efficient cooling may mask 
insanitary practices in production phases, by contributing to low bacterial 
counts (13). Standard bacteriological tests may fail to indicate such um 
satisfactory coniitions., Research vorkers in the industry have been concerned 
with the inadequacy of current methods and standards for measuring quality 
of fluid milk. As a consequence it has been proposed that raw milk samples 
be incubated at 55 F for 18 hr, before testing for bacteriological quality. 
Tt is contended that such preliminary inoubation of raw milk samples before 
testing would encourage growth of contaminants and differentiate between 
mii that has been produced under sanitary coniitions and thet in which 
bacterial numbers have been suppressed by cooling. It is indicated that 
such procedure will give a more reliable measure of the care taken in the 
production and handling of milk and also it will contribute to better control 
of raw milk quality. 

Ewvestigations on the merits of the "preliminary incubation" prosédare 
have been Limited and confined to a few geographical areas, Purther 
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evaluation of the proposal is needed, Accordingly the work reported herein 
was undertaken to determine if, in North Central Kansas, the "preliminary 
ineubation" procedure is a better indication of raw milk quality than the 
customary standard plate count on fresh milk samples, The study also was 
directed toward evaluation of seasonal influences and the effect of the 
preliminary incubation procedure on psychrophilic and coliform counts. 


Effect of Bulk Cooling on Beateriological Quality 
of Milk 


Generally it has been acknowledged that « marked improvement in milk 
quality has resulted from the conversion of can cooling to bulk cooling at 
the production level. However, this largely depends upon the definition of 
quality. Normally it has been considered that the bacterial count is the 
chief criterion, Atherton (2) reported that more information is needed on 
the many conditions influencing the quality of milk cooled in bulk tanks. 

It is known that prompt cooling of milk after production and maintaining 
at low temperature restricts bacterial growth. Milk so treated gives low 
counts by the standard plating method, Smillie et al, (20) suspected that 
efficient cooling of freshly produced milk might enable a milk to comply with 
rogulatory bacterial standards by limiting microbial growth, even though the 
production methods might not moet desired standards of sanitation, According 
to Johns (1%), at present, none of the bacteriological tests will differentiate 
between cleanly produced milk and that wherein careless practices are masked 
by superior cooling. He also stated that producers with bulk tanks might 
be careless in their sanitary production practices anil stil) could comply with 
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bacteriological standards, Davis and Killmeier (4) concluded that efficient 
eooling almost eliminated high bacterial. counts, However, mary producers 
continued to be degraded on the farms when farm inspectors found conditions 
not indicative of a high degree of cleanliness. As reported by Johns (14), 
Chalmers in Seotland also suspected that efficient cooling in farm bulk 
tanks might conceal insanitary practices at the production point of milk. 
From examination of 103 samples he found “probably about 24% of the samples 
gave initial counts (under 10,000/ml.) which did not reflect the probable 
hygienic conditions of production of the milk". From his experience 

Johns (12) reported that a reduction of the maximum standard for bacterial 
counts to 10,000/m1, would give no absolute assuranee of thorough sanitation 
of the equipnent and accessories of bulk tanks, 

In the past it has been recoguiszed that if thorough care is applied in 
the sanitary aspects of production, emphasis on cooling of milk eould be 
reduced. Johns reported that this is due to the fact that the udder flora 
which comprises the bulk of bacteria in cleanly produced milk, grows best at 
‘body temperatures and multiplies very slowly at temperatures below 15 ¢ (59 F)s 
Trout, ot al. (2%) found that fresh raw milk had a temporary inhibitory 
action on the growth of bacteria, This property was described by then as 
the “germicidal action of milk" and might be due, in part, to the normal jaz 
phase characteristic of bacterial growth in a new environment. ‘These workers 
also reported that the germicidal action of cow's milk was apparent rather 
than real, as the reduction in count of bacteria might be due to eluaping of 
cells and to temporary dormancy rather than to actual dying of bacteria, They 
also showed that this germicidal power was entirely lost within a short time 
when milk was kept warm (98.6 F), The inhibitory property lasted from 3 to 6 
hours at 70 F. It was less pronounced but more persistent at low temperature 
(20 PF), 
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Fay (5) was of the opinion that the bacterial cout is a valuable test, 
but it does not provide e complete measure of the quality of milk. Many 
insanitary practices which might oceur during production of milk may not be 
detected with present bacterial standards, He felt that bacterial counts on 
producers’ milk wore greatly influenced by the ultimate cooling temperature 
and consequently might cover up unhygienic conditions te a profound extent. 
La Grange (16) could not establish a correlation between the standard plate 
gounts on milk from individual producers and the seore placed upon the milk 
production facilities largely because of excessive variation within several 
plate counts of the individus) producers. In 6 pilot experiment, Orr et al, 
(18) found that on bulk milk farms where sanitary mothods were not up to 
desired standards, low temperature cooling became a mask for unhygienic 
methods. ‘They found that ordinary plate counts and coliform tests did not 
reflect the substandard sanitary practices that prevailed during production 
of cooled milk. 


limitations of Bacteriological Quality Tests on 
Balk Milk 


The changes in milk production techniques in recent years have influenced 
the bacterial flora of milk, Accordingly, useful. quality tests of the past 
may be of less value under present conditions. Johns (10) believed that 
when the growth of organisns is effectively controlled by prompt and efficient 
cooling, tests presently designed for evaluating can milk quality might not 
be always effeotive in diagnosing faulty production practices in bulk milk 
handling. In view of this, he felt that reappraisal of bacteriological tests 
currently in use, was desired, He was also of the opinion that since 
pasteurized dairy products are being stored for longer duration in the period 
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between processing and ultimate consumption, the importance of psychrophiles 
as postpasteurization contaminants is increased, Accordingly, tests on fresh 
samples are much less useful than those made after these organisns have been 
encouraged to develop in the preduet, Johns aleo concluded that specific 
groups of bacteria are important as indices of insanitary preduction and 
processing practices. Ho contented thet With growth of eskigeen bacteria 
being hindered in bulk milk, their presence in pasteurized milk was of 
greater significance. 

Davis and Millmeier (4) stated that low count (10,000 or less ) raw 
milk could not possibly have a laboratory pasteurised plate count of excessive 
mucber, However, it might not heave been produced under hygienic conditions, 
Stergrads (23) studied the relationship between producers’ milk and market 
milk. Me found thet within wide limits the bacterial content of producers’ 
milk had little effect on bacterial content of market milk. Sehwarz and 
Giblis (19) studied results of bacteriological tests on farm milk supplies 
and market milk in a dainy during 19553, They found thet the raw milk was 
generally unsatisfactory and that reinfection of pasteurized milk often 
oceurred im the plant. Davis and Kilimeder (4) reported that good cooling 
kept coliform counte low, but that low counts did not necessarily reflect 
good production practices. 

Hempler (7) reported that the resacurin test, while useful in reflecting 
abnormal wider conditions, had Limited value exespt where little quality 
improvement work had been attempted. He found that well cooled milk containing 
exeessivo numbers of dormant beeteria often escaped detection, Johns (10) 
reported the resavurin test as failing to detect a considerable percentage 
of high count milks from the bulk ayatem, MeCallum (17) studied bacteriological 
teste on Glasgow consumer milk, The chief tests used were plate counts ani 
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presumptive coliform tests. A comparison betareen the resagurin test and 
paychrophilic count was also made. ‘The results indicated that the presumptive 
eoliform test was the mst reliable for detecting poor quality milk, the 
resasurin test being unreliable and the plate count being ewbersome to 
perform, as well as being subject to high error, Orr, ot al, (18) reported 
from their studies that the resasurin test and the standard mothylenc blue 
test wore no longer adoquate as indicators of the quality of bulk milk, 

Johns (10) reported that several factors were responsible for distusbing 
correlations betsreen plate counts and reduction times of the methylene blue 
test in recent years, lle stated that mre officient media and lower 
Anoubation temperatures have increased the level of plate counts, The 
proportion of thermedurie organions also inoreased (21). These thermedurie 
onganiens, as Johns (15) noted, ave less active reducers, fe also contended 
that payehrophiles which often comprise a high pereantage of the flora fail 
to grow ot 35-37 C. Finally, with prompt and effielent cooling, the bacteria 
ave dormant in the begiming of the test and bacterial growth inhibiting 
substantos are conserved, So, as a result of the prolonged lag phase, 
Johns (10) reported that the rate of dye reduction is much reduced and 
ultimately some high count milks escape detection, ‘The methylene blue 
woduction test is not reliable when applied te high grade milks and it also 
suffers from the fact that in promptly cooled milk, the bacteriostatic 
activity may delay bacterial growth (9,11). 


Recogniaing the growing neod for a procedure which would reflect carce 
Loss practleos of handling bulk milk, Johns (9,10,11,12,13,1%,15) suggested 
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preliminavy ineubation (P.I.) of raw milk samples before testing as an aid 
in assessing the bacteriological quality of bulk milk, He coneluded from 
his work that raw samples should be incubated at 557 for 18 hr, He argued 
that the udder flora which forms the bulk of organioms in cleanly produced 
milk grows best at bedy temperature and very slowly at temperatures below 
15 ¢ (99 F) (10), while saprophytic contaminants grow actively at 55 F. 
He proposed an 13 hr, holding period since it could be carried out overnight 
and conveniently fitted inte Laboratory schedules. Smillie, et al, (20) 
deseribed the work of Chalmers who reported on plate count tests made on low 
count milk samples, a few hours after sampling and 21 hr. later. ‘The milk 
samples were held at approximately 60 F, Chalmers showed that milk which 
gave initial. counts of 10,000 or less per ml. at the first plating and no 
more than 21 times this initial count at pleating after inoubating samples 
could be predicted to be reasonably satisfactory, According to him, such 
mtiilk ean be judged as having been produced under good conditions, 

Johns (11,9) showed that where the methylene blus test was used, it 
was quite necessary to have preliminary incubation of raw milk samples at 
3505 ~ 3765 C for at least 6 hours, Hadland (6) found that after preliminary 
ineubation of raw milk samples at 15 C for 15 to 20 hr. the methylene biue 
test gave an excellent indication of both total bacterial count and coliforn 
count. Solberg and Bredholt (22) reviewed the work of Anderson who 
recommended that the milk samples should be inoubated at 15 C te 18 ¢ for 
2% hr. before carrying out the reduction test as an improvement over present 
quality tests of bulk milk, : 


eee ymin 
Standard Plate Counts: Johns (14) showed that in almost every case where 
the ratio of the standard plate count after P.I. to initial count was high, 
the psyehrophilie counts both initially and after P.I. were likewise high. 
However, this was not the case with coliform counts, He suggested that a 
standard plate count of 200,000/ml, following P.I. at 55 F for 18 hr. would 
be a better standard than would a lower initial count Limit of 50,000/m#. 
Johns (15) also found that comercially produced raw milks varied greatly 
in their behavior following P.I. and in certain cases there was Little oP 
no change, In others there was a striking deterioration in quality while 
many were intermediate, He also observed that in sets of samples analysed 
in July and Noveuber, twosthinds of the samples gave initial plate coumts 
higher than the 50,000/m1. suggested limit for bulk milk, However, when 
milk was produced under controlled conditions, he concluded that milk drew. 
from clean cows, using clean milking machines, showed no deterioration after 
preliminary ineubation. Failure to clean stalls, brush the cows and wash 
the udder before miliing had surprisingly Little influence on the bacterio- 
logical condition, Neglected milling machines played a prominent part in 
inereasing bacterial contaminants, During February and July, the results 
were almost the same even though the level of initial count was quite low. 
Statistical analysis showed a highly significant correlation between utensil 
sanitation and growth during P,I. 

Smillie, et al. (20) plated milk samples after ineubating then for 6 hr. 
‘as well as for 30 hr. at mean ataospheric shade temperature and fowid wide 
Pelative inereases in the counts of individual samples over initial counts 
of the same, Davis and Killmeier (4) reported that when using P.I., 25% of 
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their producers still ran a bacterial count of 200,000 or less, ‘Those ifarms 
whieh rated high in sanitation had initial counts of 10,000 or less, After 
P.I, these counts increased little, whereas in many other cases producers 
whose initial counts were 10,000 or less ran a count in excess of 200,000 and 
often in the millions, ‘They suggested thet producers whose counts remain 
below 200,000 after P.I. have high grade milk, Ayer, et al. (3) stored raw 
milk of three different grades at 40 F, 50 F, and 60 F, They found that 
samples of approximately the same initial bacterial count did not always show 
the same growth rate. Higher growth ratios were obtained in milk samples 
produced under dirty conditions in unsterilized utensils than in samples of 
milk produced witer clean conditions in sterilised utensils, These workers 
considered that the bacteria which were introduced from unsteriliced utensils 
grew faster at temperatures about 15.5 ¢ (60 F) than did the bacteria in low 
count milk produced in sterilised utensils, Orr, et als (18) slso showed 
that P.I. counts gave lerger increases with milk samples from insanitary farns, 
Thay concluded that ordinary plate counts did not assess the sanitary condition 
of bulk milk. | 


Coliform Counts: Fay (5) contended that when milk was being cooled promptly 
and efficiently in farm bulk tanks, the growth of coliform bacteria was 
winimiced as compared to that in can cooled milk and that coliform counts on 
bulk milk might be exected te reveal more effectively the contamination fron 
surroundings and equipment. Smillie, et al. (20,18) observed that room 
temperature incubation of milk samples for 6 hr. and 30 hr. had an influence 
on coliform results, They coneluded that initial counts of coliforms did 
not assess the condition of bulk milk farms. Johns (14% 15) found that in 
practically all cases, initial coliform counts were quite low, even though the 
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original total counts and paychrophilic counts were high, He concluded that 
coliform organisms were not a suitable index of carelessness 6f milk production, 
Henniingson (8) found that when standard plate counts of < 50,000/ml, and 
coliform counts of <100/ml, wore adopted as standards of raw milk quality, 
there was little or no relationship between samples mecting the standards for 
total. or coliform count, He suggested that the coliform cout was an entirely 
different estimation of raw milk quality, than the total count, 


Payohrovhilic Gounts: Johns (1%) found that when the ratio of the staniard 
plate count after P.I. te initial count was high, the paychrophilic counts 
both before and after P.I. wore also high. Johns (15) also worked on 
commercially produced raw milks and found that many high counts of paychrophiles 
indicated poorly cleaned tanks, These high count samples generally showed 
considerable rise in count after P.I. Orr et al. (18) made counts for 
psychrophiles on original milk samples drawn from 13 farms and again counts 
were taken after ineubating these samples at 5 C for 2% hr, the initial, 
psychrophilie counts were low on the whole and only 5.5% of the samples after 
preliminary incubation failed a possible standard of 10,000/ml, However, samples 
from one farm, where production methods were unsatisfactory had an initial 
paychrophilic count <10,000/ml., 285 of the samples after preliminary 
ineubation exeseded this standard of 10,000/ml, A tendenay for greater 
inerease in P.I, counts of psychrophiles during sumer months was observed as 
compared to increases in other seasons. 


Thermedurie Counts: Johns (14%) reported that in his study, thermedurie counts 
were al] below 1,000/m1., He considered these organisns not sensitive enough 
to indicate carelessness in milk production, Thermoduric organians would 
not be detected by P.I. since they fail to grow at $5 F. When Johns (15) 
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later worked on commercially produced raw milks it was found that over one- 
half of the total sanples showed a thermoduric count exceeding 1,000/ml. with 
& maxima of 100000/ml., reflecting poor sanitation of milking machines. [Even 
then his further studies on the same aspect revealed that thermoduric counts 
did not indicate the saprophytic contamination responsible for deterioration 
in quality of milk following P,I. 


Redugtion Tests: Johns (15), while working on commercially produced raw milks, 
found that after P,I., reduction of resazurin tests occurred in a mmber of 
samples in 3 hy, or less and there was much closer agreement between standard 
plate count and the resagurin test after P,I, Accordingly, he suggested that, 
following P.I+, the resazurin triple reading test be substituted for the 
standard plate count method. When he worked on milk produced under controlled 
conditions, he reported that resacurin reduction times exceeded 4 hr. both 
before and after P.I. in ali samples where clean milking machines were used. 
All samples dram from neglected milicing machines showed shorter reduction 
times. He concluded that there was a high correlation between sanitation and 
growth during F.i. Smiliie, ot al. (20) reported that dye reduction tests 
wore of little value in assessing milk quality. Orr, et al. (18) incubated 
milk samples at mean atmospheric shade temperature not exceeding 18 C for 20 
hr. to study the effects on resasurin tests and methylene blue tests. They 
concluded that this procedure was 4 more accuate measure of milk quality than 
ouch tests without P,I. 


EXPERIMENTAL PROCEDURE 
Collection of Samples 


Milk samples were collected from 35 bulk tank grade«A producers in the 
Manhattan, Kansas, milk shed, Most of the samples were obtained by the 
county milk sanitarian and some were taken by the milk hauler who was 
trained and licensed to do such sampling. Although an attempt was made to 
obtain an equal. number of samples from each producer during the different 
seasons of the year, this was not practical. Accordingly more samples were 
obtained during some seasons than in others. Samples were obtained aseptically 
after operating the bulk tank agitator for several minutes and were iced | 
immediately after collection and brought to the laboratory. In almost all 
eases, samples vere analyzed for inhibitory substances and for bacteriological 
quality promptly after arrival, Where it was necessary to hold the samples, 
they were kept at temperatures of 52 + 35 F for not more than 24 hours before 
analysis, General sanitary conditions of each producer's milk handling 
facilities were also judged and rated by the sanitarian as rank I, II and IIT 
with rank I being most satisfactory, 


Analyses of Samples 


Samples were analyzed for inhibitory substances in milk by the rapid 
dise assay screening method (1), Standard plate counts, coliform counts and 
psychrophilie counts were made initially as well as after incubating. samples 
at 55 ¥ (12.5 C) for 18 hr. ‘The counts made after the incubation period were 
termed as preliminary incubation (P.I.) counts, Plating methods used were the 
standard procedures recomaended by the American Public Health Association (1), 
For standard plate counts, plates were incubated at 35 C for 46 hr., whereas 
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for coliform counts plates were incubated at 55 C for 20 hr. Violet red 
bile agar medium was used for coliform counts. For paychrophilic counts, 
Plates wore incubated at 7 C for 7 days, 

In swmariaing the data, standard plate counts and paychrophilic counts 
were averaged logarithmically as recommended in the Milk Ordinance and Code 
(25) to even out discrepancies. Those counts are presented in results as 
goometric means. With coliform counts, arithmetic averages were used since 
the count range was much lower and some zero counts were obtained. Figures 
reported for counts are on 4 per ml, basis, 

In studying the effect of season on preliminary inoubation of raw milk 
saeples the different seasons were considered as follows: Fall - Septenber, 
Osteber and November; Winter «+ December, January and February; Spring « March, 
April end May; Sumer « June, July and August. 

Statistical evaluations wore made on some of the data by analysis of 
variance and linear regression, 


RESULTS AND DISCUSSION 
Tests for Inhibitory Substances 


All milk samples but one gave negative results in tests for inhibitory 
substances, ‘The one exeoption was classed as doubtful. Accordingly, it 
was concluded that the presence of inhibitory agents, as measured by the 
test omplloyed, was not a factor in influencing bacterial development during 
the period of preliminary inoubation of the milk samples, 
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Influence of Season on Standard Plate Counts 
Before and After Preliminary Incubation 


Data have been curmarized and grouped in Table 1, by season, to study 
the effect of preliminary incubation of milk samples at 55 ¥ for 18 hr. on 
bacterLal counts. 


Table 1, ‘Increase in standard plate count | 


due to preliminary incubation of 
milk examined during 
Gaiters neanenne 
les seen nee nmanepatanatent aerate — ae a = 
of Initial P.t. : 
Fall 28 11,000 50,000 465 
Winter % 14,000 68,000 49 
Spring 8 9,000 44,000 4.9 
Sumner 92 24,000 594000 265 


18 Goo, aves of seasonal means 


The overall geometric average of initial standard plate counts was 
1%,000/mi, as shown in Table 1, which was much below the standard of 50,000/m). 
edopted recently (14) in certain areas for raw bulk milk, Moreover, standard 
plate counts in fall, winter and spring averaged 1%,000/m1, or bellow, with 
the sumer counts averaging 2!,000/ml, ‘This presents some doubt as te 
whether the present standard of 200,000/ml. for raw bulk milk is too lenient 
or not consistent with changed conditions of handling milk, Various workers 
(13,12,10,5) have also expressed the same opinion. 
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The initial standard plate count averaged lowest in spring (9,000/ml.) 
and highest in summer (2%,000/ml.)» Fall. and winter counts were in between, 
In the swmer season a larger number of samples was analyzed than in other 
seasons. This might affect the results to somo extent. However, it would 
be expected that the growth of bacterial eonteminants in equipment would be 
greater in warmer weather. 

Statistieal analysis of the logarithns of individual counts (analysis 
of variance) showed that there was a significant effect (P< .01) of season 
on initial standard plate counts, with swmer being significantly higher 
than fall or spring. 

The overall, goonstric average P.I. count as shown in Table 1 was 
§5,000/mi., ‘This would appear to be of importance since the initial count 
averaged relatively low, It was highest (68,000/ml,) in winter, ‘he P.2, 
count was lowest (4,000/m1,) in spring, Fall and sumer P.I. counts 
averaged in between the two extremes, 

The overall average growth ratio due te P.I. was 367. Thus, it is 
evident that preliminary incubation has a definite effect in inereasing the 
standard plate count. In sumer the growth ratio due to PyI. was 2.5. It 
was the lowest of the four seasons, ‘There was not much variation in growth 


yatios in fall (45), winter (4.9), ani spring (4.9), Statistical analysis 
indicated that season hed no effect on growth ratios due to P.I. in standard 
plate counts. 


The foregoing results suggest that if the P.I. procedure were to be used 
as 4 milk quality measure, the effect of season on preliminary incubation of 
raw milk samples can probably be disregarded. However, during the swmer the 
initial, standard plate count would appear to be a good measure of quality. 
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During the other seasons the P.I. count is more effective in revealing 
organions that do not show up in the standard plate count. 


Influence of Season on Coliform Counts 
Before and After Preliminary Incubation 


The data on coliform counts have been summarized and are presented on 


the overall arithmetic average of initial coliform counts was 570/ml. 
The initial coliform count was highest (1,700/m1.) 4n sumer and lowest 
(55/ul.) in winter, whereas spring and fall, counts were within these limits, 
Relatively more seasonal variation occurred in coliform counts than in 
standard plate counts, This may be due te the use of arithmetic averages 
wather than geometric averages. ‘The high coliform counts obtained in sumer 
correlated with the high initial standard plate counts in summer, However, 
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the relatively low coliform counts in winter raise some doubts as to whether 
coliform counts could be used as a measure of quality during all seasons. 

The overall avorage growth ratio in coliform bacteria was 3.3, There 
was considerable variation betwoen seasons, It was lowest (1.0) in winter 
and highest (6.9) in fall, Growth ratios in spring and sumer were within 
this range, These results support the observations of Orr, et al. (18) and 
Smillie, et al. (20) that the P.1. procedure does have an effect on coliforn 
counts but does not appear to be a suitable measure of the general, bacterioe 
logical quality of milk, since the coliform growth ratio was lowest in winter, 
when the standard plate count after the P.JI. was highest. 


Influence of Season on Counts 
Before ani After : Ineubation 


A summary of the data on psychrophilic counts during the different 
seasons is given in Table 3. 
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The overall geonetric average of initial counts of paychrophilic bacteria 
was 2,100/ml, Xt was highest (4,000/m1.) in winter and was lowest (1,600/ml.) 
iin summer, Fall and spring counts were 1,900/ml, and 1,700/ml., respectively. 
Thus, it appears that in winter psyehrophilic counts tend te be higher than 
4n other seasons, This would not be unexpected sinee the prevailing lower 
temperatures would tend to encourage this type in the enviroment. However, 
statistical analysis showed that the differences observed due to season were 
not of statistical significance, 

The overall, geometric average P.I. count for payehrophilic bacteria was 
$%,000/ml. which was almast.as high as the average PI. standard plate count. 
The P,I. procedure had a much greater effect on psychrophiles than on standard 
plate counts or on coliform counts, ‘this indicates that psychrophiles 
miltiplied more rapidly during P.I. than did other types. the high standard 
plate counts obtained after P.I. in winter probably are due to greater 
inereases of paychrophiles. However, although these obviously increased 
during P.I. (55 F for 18 hr.) At is very doubtful that they all grow at 95 F, 
standard plate count inoubation temperature. The P.I. count averaged highest 
(190,000/m1,) in winter and lowest (22,000/ml,) in sumer, It is significant 
that the P.I. psychrophilic count was much higher in winter than in other 
goasons and also much higher than the standard plate count. The results 
suggest that except in sumer, the P,I. psychrophilie count is a better measure 
of bacteriological quality than the standard plate count, However, the length 
of time involved in such counts is a definite disadvantage and would limit 
the method for routine use. 

The overall average growth ratio as shown in Table 3, was 25.7 for 
psychrophilic bacteria, ‘the growth ratio in winter was highest (47,5) and 
in sumer it was lowest (13,8). Compared to the overall average growth ratios 


19 


in standard plate counts and coliform counts, the average growth ratio in 
psyehrophilie bacteria was very high, The large difference in growth ratios 
between winter and swmer may be due to sanitary conditions of farms and 
prevailing temperatures in winter and sumer seasons. Statistical analysis 
of data showed that season had a significant (P< .01) effect on growth 
ratios of psaychrophilic bacteria, 


Relationship of Sanitary Renk of Producing Faras 
to Inerease in Standard Plate Counts 
Preliminary Ineubation 


In Table &, data have been grouped to study the effect of sanitary rank 
of farms on the increase in initial standard plate counts due to preliminary 
dneubation of milk samples examined during different seasons, 

the overall geometric means of initial counts for sanitation rank I, 
tt and ITE were 12,000, 12,000 ani 24,000 por ml. of milk, respectively. This 
 guggeste that rank III farne were definitely poorer in sanitary conditions, 
However, there was not much difference in overall, geometric means of initial 
counts of rank I and rank II farms, This might be because farms wore ranked 
by visual inspection and in such eireunstences actual differences in sanitary 
conditions of milk handling equipment on rank I and rank It faras might be 
email, Nevertheless, geometric means of initial counts for the summer season 
iin each of the sanitery ranks did not vary mich. ‘This might be dae to 
prevailing high texperatare in swmer when becteria miltiply rapidly in 
equipment and hence tend to minimize differences in sanitation. 

The overall goometric means of P.I. counts increased as sanitation rank 
inereased, However, there was considerable variation between seasons and 
within sanitation ranks. Growth retios did not show any consistent trend with 
ganitation ranks on inspection of data grouped in the table, However, they 
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were lowest in swmer for all the sanitation renks, This might result from 
the high initial counts obtained in sumer. As show in previous tables the 
growth ratios usually are lower when initial counts are highest. 
naaaManihty Of SG Eee Leeemng Meme 
“uo to ProLintnary tno ton 

In fable 5, data have been grouped to show the effect of sanitary ranks 
of talk milk farms on increases in initial coliform counts due to P,I. 

The overall arithnetic means of initial coliform counts for sanitary 
vanks I, IT and ITI were 900, 400 and 800 ml., respectively. The higher 
count for rank ILI ferme is in agreement with the sanitary ranking and is 
additional evidence of inferior sanitary conditions, However, there was little 
difference in overall average counts for renk I and I, Within each of the 
sanitation ranks the initial coliferm comts averaged highest in sumer and 
lowest in winter, This indicates that prevailing temperatures in sumer and 
winter might affect initial coliform counts. 

‘the overall avithuetic means of P.I. counts for ranks I, It and IIT 
- faxms were 1,200, 3,300 and 11,000, ‘This shows that the P,I. count inereased 
as sanitation rank inereased, ‘The arithmetic means of P.I. counts did not 
show any consistent relation with seasons in the three sanitation ranks. 

‘the overall average grovth ratéo increased as the sanitation rank 
increased, However, the average growth ratios in the different seasons 
varied considerably, They were lowest in swmer in all sanitation ranks, This 
might be due te higher initial coliform counts in sumer than in other seasons 
for each of the ranks, Although the overall P.I. averages and growth retios 
appear to be related to sanitation ranks, it is questionable if they would be 
reliable measures of sanitation, due to seasonal variations involved, 
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pee ay nr ie 
to Increase in Counts 
due to Preliminary 

In Table 6, data have been grouped to show relationships between 
sanitary ranks of farms and inorease in initial psychrophilic counts due 
to preliminary ineubation of milk samples during different seasons, 

Overall geometric averages of initial counts for rank I, If ami ITI 
wewe 1,200, 2,700 and 2,700 per ml., respectively, Geometric moans of 
initial counts in each of the seasons inereased as sanitary rank increased 
in most cases except in the sumer season, whore the average count remained 
generally similar, This suggests a relationship between initial psyehrophilic 
counts and sanitation rank, 

Initial psychrophilie counts tended to be slightly higher in winter. 
However, analysis of data in Table 6 indicated that the observed differences 
in initiel count due to season and sanitation rank were not statistically 
signifleant. 

Overall geometric means of P.I. counts were 26,000, 35,000 and 110,000 
for sanitary ranks I, IT and ITI, respectively. ‘These results show that the 


PIs count increased as the sanitary rank inereased, P.I. counts in the 
winter season were highest. 
Overall. growth ratios for rank I, It and If were 21.7, 12.9 and 40.7. 


Thus, the overall growth ratio did not show a consistent relationship with 
sanitation ranks although it was highest for rank III. Growth ratios in each 
sanitation rank were highest in the winter season and also highest in 
sanitation vank III, ‘he effects of season and sanitation rank on growth 
ratios were found to be statistically significant. (P< .05) 
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It appears that P.I. counts of psychrophiles are an index of sanitation. 
However, as pointed out earlier, the time involved limits the value of such 4 
procedure. 

ed) uma 
to Incubation Counts 

Summarised data are presented in Table 7, indicating the trend of growth 
ratios with level of initial counts and sanitation ranks, 

In vanks I, IT and ITT 49%, 41% and 40%, respectively, of the samples 
had initial counts less than 10,000, Geometrie moan counts of these samples 
wore 4,900, 4,600 and 5,400 in sanitation rank I, II and ITI, respectively, 
this indicates that milk with relatively low initial standard plate counts 
(<10,000/m1,) is not necessarily Limited toe that produced on farms with 
sanitation rank I, Moreover, 77%, Svi and 62.5% of the samples in sanitation 
rank I, II and ITI, respectively, had counts of 50,000 or less, ‘This suggests, 
as pointed out previously, thet the present standard of 200,000/m1, for raw 
bulk milk 4s exeeptionally lenient. 

In all count ranges, the P.I. count increased as initial count increased, 
and this relationship occurred in all sanitation ranks, However, the actual 
grovth ratios did not show a uniform relationship, It is significant that in 
all ranges of initial counts up to 50,000/mi., the growth ratios increased as 
sanitation rank inereased, Statistical analysis of the logs of individual 
eounts by the linear regression method also showed that as sanitation becane 
poorer, the growth ratios became greater. 

In view of the relationships of P,I. count and growth ratie with sanitary 
conditions of farms, it appears that the P.I. count would be a better measure 
of sanitary conditions of bulk milk producing farms, than the normal standard 
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plate count procedure. However, with high count milk (750,000) there is less 
relationship between growth ratio and sanitation rank, Hence, with such milk 
the regular standard plate count is as good a measure of sanitation as the 
Pet. count. In other words, with milk of low initial count, the P.I. 
procedure helps to detect undesirable sanitary conditions. 


enh tenktey tains af teal es ee tenn, Connte 


Date are presented in Table 3, to show the relationship of range of 
initial coliform counts and sanitary rating of farms to increases in counts 
dus to PI. 

In rank I, II and Itty 346, 246 and 12% of the samples, respectively, 
hed initial coliform counte< 10, ‘This indicates that the better the sanitary 
conditions of farms the larger the percentage of samples with low initial 
coliform counts. 

tn each of the ranks the moan P.I, counts increased as the moan initial 
counts inereased, However, growth ratios did not show consistent 
relationships with either initial count ranges or sanitation ranks. On the 
other hard as observed in earlier data, growth ratios tended to be lowest 
with the highest initial counts. 

Thus, it appears that nalther initial nor P.I. coliforn counts are a 
satisfactory measure of sanitary conditions of farms irrespective of initial 
count ranges. 
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Swmarized date have been grouped in Table 9, to present the relation- 
ship of range of initial paychrophilic counts and sanitary ranks with 
growth ratios due to P.I. 

In rank I, IL and It, 40%, 46 and 28% of the sanples, respectively, 
had initial psyehrophilie counts less than 1,000/ml, This indicates that 
the better the sanitary conditions of farms, the larger the percentage of 
samples with low initial psychrophilic counts. It also appears that ailk 
with low initial psychrophilie courts 1s not limited te farms with best 
production methods, 

In most cases P.I. counts increased as sanitary rank inereased. 
However, growth ratios did not show 2 consistent relationship with sanitation 
vanks, Although growth ratios increased as sanitation rank increased in 
low count milks (<1,000/m1,) variations were found in other ranges, 
Nevertheless, growth ratios generally were highest in rank III, Accordingly, 
it appears that when initial psychrophilic counts do not exceed 50,000, 
either P.I. psychrophilie counts or growth ratios would be an index of 
sanitation. 


SUMMARY AND CONCLUSIONS 

Studies were made to evaluate the "preliminary incubation" procedure 
(P.%.) of vaw mile samples as 4 measure of production sanitation. the 
investigation was conducted on bulk tank milk from grado A deixy farms 
4n the Manhattan, Kansas, milk shed, A total of 19% milk samples wore 
obtained from 35 farms during four different seasons. Both initial and 
PI. counts wore made for total bacteria (SPC), coliforms and payghrophiles. 
Tests were also made for the presence of inhibitory substances, Farns wore 
ranked I, II and ITT on the basis of general, visible sanitation with rank I 
showing most evidence of desirable sanitary conditions, 

With the exeoption of one doubtful. sample, all tests for inhibitory 
substances were negative. Hence, it is probable that PI, counts were not 
affected by inhibitery agents. 

The overall geometwie average of initial standard plate counts was 
14,000/m. ‘This suggests that the current standard of 200,000/ml. is 
exeoptionally lenient when applied to bulk tank milk, Initiel counts wore 
signifieantly higher during the sumer season, However, P.I. counts 
inereased propertLonately more during the other seasons. It would appear 
that during the sumer the initia] standard plate count is as good & measure 
of Yacterial content as the PsI. counts In other seasons the P.I. count 
seemed to be more effective in this respect. In relating bacterial counts 
to sanitation standards, statistical analysis showed that as sanitary conditions 
became poorer the growth ratio due to P.I. became greater, Hence, the P.I, 
eount waa generally o better indication of farm sanitation than the initial 
count. ‘This was particularly true in lower count ranges. In the higher 
count ranges the P.I. count was no better measure of sanitation than the 
initial count. 
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The initial coliform counts averaged highest, (1,700/m,), in suamer and 
lowest, 55/ml., in winter, This indicated that prevailing temperatures in 
summer and winter might affect initial coliform counts. Relatively more 
variation oceurred in coliform counts as compared to standard plate counts. 
Also comparatively low initial. and P.I, counts in winter raise some doubt 
as to whether coliform counts could be used as a measure of bacteriological 
quality during all seasons. P.I. counts inereased as sanitation rank 
inereased, However, P.I. counts did not show any consistent relation with 
seasons and sanitation ranks. ‘Thus, it appeared that neither initial nor 
P.I, coliform counts were o satisfactory measure of sanitary conditions of 
farms ixrespective of initial count range. 

It appeared that milks with low initial paychrophilie counts are not 
limited to farms with best production methods, Statistical analysis also 
showed that differences in initial paychrophilie counts due to sanitation 
yanks were not significant. In winter psyehrophilic counts tended to be 
higher. However, statistical analysis showed that seasons had no significant 
effect on initial counts of paychrophilic bacteria, ‘The P.I, procsdure had 
@ much greater effect on paychrophilic bacteria than on standard plate coumts 
or coliform counts. The P.Z. paychrophilie count was lowest in swmor and 
also was highest in winter. The average growth ratio for paychrophilic 
bacteria was very high as compared to the growth ratio for standard plate 
counts and coliform bacteria, Effect of sanitation rank on growth ratio 
was also found to be statistically significant. However, growth ratios 
varied much between winter and sumer. Statistical analysis showed that 
geagon had a definite effect on growth ratios of psychrophilie bacteria, 

In general, t would appear that in counts up to 50,000/ml., P.I. payehrophilic 
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counts would be 4 possible indication of farm sanitation except in sumer. 
However, the length of time involved would Limit the practicability of the 
methods 

The general conclusion of this study is that except during sumer, 
P,I, standard plate counts would be a better measure of farm sanitation 
than customary standard plate counts, coliform or initial psychrophilic 
counts. Although the P.I. psyehrophilic count appears to be the best 
neasure of sanitation and bacteriological quality, it requires too meh 
time to be of practice] value. 
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Recent reports suggested that efficient cooling may mask insanitary 
practices in the production phases of bulk tank milk by greatly retarding 
bacterial development. Consequently, low bacterial counts on such milk 
ave not necessarily indicative of good sanitary conditions. It also has 
been proposed that preliminary inoubation of raw milk samples at 55 F for 
18 hr, before testing for bacteriological quality would aid in detecting 
milk produced under questionable sanitary conditions, It was postulated 
that contaminating organisms from poorly cleaned equipment multiply more 
rapidly at 55 F than do types from other sources such as the udder, Hones 
high P.I. (preliminary incubation) counts would reflect insanitary practices, 
Since previous investigations inte the P.I. procedure have been limited, 
the present study was undertaken to further evaluate the method as a 
neasure of production sanitation. 

A total of 19% milk samples were obtained from 35 bulk tank grade A 
milk producers in the Manhattan, Kansas, milk shed during different seasons, 
These were analysed for numbers of total bacteria (SPC), coliforms and 
psychrophiles both before and after P.I, the samples were also tested 
for the presence of inhibitory substances, The general sanitary conditions 
of each producer's milk handling facilities were also rated as rank I, IT 
and IIL with rank I being the best, 

Exsept for one doubtful sample, all tests for inhibitery substances 
were negative. The overall geometric mean of initial standard plate 
counts was 14,000/ml. This presented some doubt as to whether the present 
bacterial standard of 200,000/ml. for raw bulk milk 4s consistent with 
changed conditions of milk handling, Statistical analysis showed that 
there was a significant effect of season on initial standard plate counts 
with swimmer being highest, However, P.I. counts inoreased proportionately 


more during the other seasons. It would appear that during the sumer the 
initial standard plate count is as good a measure of bacterial quality as 
the P.I. count. In other seasons the P.I. count seemed to be more effective 
in this respect, In relating bacterial counts to sanitation rah statistical 
analysis showed that as sanitary conditions became poorer the growth ratio 
(P.I. count/initial count) due to P.I. became greater, lence, the P.I. 
count was generally a better indication of farm sanitation than the initiel 
count. This was particularly true in lower count ranges, In the higher 
count ranges the P.I. count was no better measure of sanitation than the 
initial count. 

As compared to standard plate counts relatively more variation occurred 
in coliform counts. It is doubtful whether coliform counts could be used as 
a measure of bacteriological quality during all seasons considering the 
comparatively low initial and P,I. counts of coliforms in winter, Although 
P.I, counts inereased as sanitation rank inoreased, there was no consistent 
relation with seasons and sanitation ranks. It appeared that neither initial 
nor P.I. coliform counts were a satisfactory measure of sanitary conditions 
of farms irrespective of initial count range. 

Milk with low initial paychrophilic counts was not limited te farms 
with the best production methods, ‘Statistical analysis also showed that 
differences in initial paychrophilic counts due to sanitation ranks were 
not significant, Although psychrophilic counts were higher in winter, 
statistical analysis showed that season had no significant effect on 
initial counts of psychrophilic bacteria, Psychrophilic counts were 
influenced mich more by the P.I, procedure than were standard plate counts 
or coliform counts, The P.I. psychrophilic counts were lowest in sumer 
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and highest in winter, The mean growth ratio for psychrophilic bacteria 
was very high compared to the growth ratio for standard plate counts and 
coliform bacteria, It was also found that the effect of sanitation rank 
on growth ratio was statistically significant. However, growth ratio 
varied much between winter and sumer, Statistical analysis also showed 
that season had a definite effect on growth ratios of paychrophilic 
bacteria, In general it would appear that in milk with initial counts 
up to 50,000/m2., P.I. paychrophilie counts would be an index of farm 
sanitation exeept in swmer, However, an important limitation in the 
applicability of the method is the length of time involved, 

The general conclusion of this investigation is that, except during 
sumer, P.I. standard plate counts would be a better measure of farm 
sanitation than customary standard plate counts, colifom or initial 
psyehrophilie counts, Although the P.I. psychrophilie counts appear to 
be the best measure of sanitation and bacteriological quality, it requires 
too much time to be of practical value. 


